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I ~- INTRODUCTION 


Sanitery ware slazes constitute a very important type of 

glaze in the ceramle industry of today. There are several kinds 
of these glazes, the one which is used to a grest extent in the 
United States beinc the Bristol type with the addition of lead. 
Other manufacturers are using the same vitrified white glaze on 
their sanitery ware as they use on their vitrified china ware. 

Of recent years the tendency among the more prorressive man- 
ufacturers of sanitary were has been to eliminate the use of load 
in their glazes because of its injurious effects upon the men work- 
ing in the glaze room, In order to replace the lead glazes, however, 
the lesdless glazes must heve equally desirable qualities, at least 
a8 regards gloss, acid resistance, heat rance, working properties, 
etc. as the lead glazés. Sanitary ware glazes are usually burned 
ig at temperatures ranging from cone four to cone nine, depending on 
the type of claze used, 

"In general two types of body are in use. Tor the very heavy 
articles such as bath tubs, sinks, ete. a so called fireclay body 
is used. For the lighter goods such as small lavatories, closets, 


and tanks, 1t is customary to use a vitreous white ware composition! * 
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REVIEY OF LITERATURE 


After examining all the available sources of information 
only three references were found containing information which 
would aid materially in solving the problem. ‘The most important 
andthe one hich was used grestly in planning the thesis was an 
investigation conducted by C. W. Parmelee and G. A. Yilliams 
and published in the Transactions of the American Society, vol. 
eighteen, as 'Fritted Lesdless Mlazes for Sanitary Yere'. The 
summary of their results which are for cone seven is as follows; 
‘the silica content giving the best results as to loss WAS five 
equivalents. The amount of alumina to be recommended lies at 
either 0.50 or 0,60 equivalents for glossy giazes, although less 
than this may be used with 0.50 equivalents of boric oxide 
Present. “ith series having three and four ecuivalents of silica, 
0.70 equivalents of alumina gives matte or immature glazes with 
all contents of boric oxide. The most fevorable B29, content is 
0.50 wouivalents. The best range of RO members was within the 
Limits 

0.40 -- 0.60 Ko9 
0.00 -- 0.30 ZnO 
0.40 -~ 0.60 Cad 
fhe substitution of pearl ash in place of potassium nitrate 
did not affect the results appreciably, and substitutiom of Nag® 
for Kp0 merely extended the area of good glazes. 
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III. EXPERIMENTAL WORK 


It was decided to carry out this investigation in the same 
manner «8s 4 typieal glaze problem, that is, cover the field of pos- 
Sible RO composition, keeping the Alg0z, BoGzand Side cpnstant; 
then choosing the best of these RO groups, vary the Alp0s, Bo0s and 
$102, In this manner a large part of the field of possible good 


glazes could be covered without undue labor. 
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In this series the members of the RO groups were varied as 
shown in Figure I, the ZnO varying from 0.00 = 0.40 ecuivalents, 
the Ko0 from 6.30 - 0.60 equivalents, and the CaO from 0.30 - 0.70 
6cuivalents. The'alumina and silica remained constant at 0.60 and 
6.00 equivalents respectively. In this series four fritts were 
used, their compositions differing only in the amount of K,0 pre- 
gent. All the Ko0 was added in the firtts. The composition of 
the fritts are shown on Figure Te 


SSRIRS II. 


This series @iffers from series I and II only by the addition 
pf 0.50 equivalents of boric oxide. The composition of the fritt 


is shown on Figure a 


SERIES IIt. 
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Three of the best glazes from series I and II were chosen ani 


the borie oxide varied from 0.40 - 0.60 equivalents, and the 
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4 
hip Os varied from 0.5 = 0.7 equivalents;.the silica remaining con- 


stant at 6.00 equivalents. 


BERL ES IV 


This series differs only from series III in that the silica 
remains constant at seven equivalents instead of six equivalents. 
The same fritt was used for both series III and. nh sem Ive Its 
composition is as follows i- 

* 0.60 “= K,0 1.20 -- Bods 
0.40 -- Gad 2.6 -= S105 
In order to approach actual conditions as closely as possible the 
glazes were burned on trial pieces made up of a typical sanitary 
ware body. 

This body was. prepared by blunging the materinls for about 
three hours, then passing it through a 120 mesh screen to remove 
any impurities as coal, etc... After removing the surplus water 
by Arying the body in a plaster bat, it was thoreughly wedged and 
then made into bars by pressing by hand in a steol mold. These 
trial pieces were thendburned in a gas-fired kiln to cone 83 = 9 
The composition of the body is as follows: | 

Buckingham Feldspar ---- 16 
Quartz Flint e--- 32 
Tenn. #5 Ball Clay <---- 12 
H&G ing. China Clay ---= 25 
Florida Clay ecene 15 
The raw materials used in making up the glazes were assumed 
to be pure, and are given together with their formulas: 


#The composition of thés body was suggested by Prof. C. ii. Parmelee 
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Zine Oxide = ZnO 

Boric Acid = Bog03 ° 3 H20 

Pearl Ash - Kol0z 

Commercial Thiting = Cacos 

Florida Clay - used as a flot 

assumed to have formula = Aloj0z * 25102 ° 2HpO 


All fritting was done by the drop firtt method, the fritts 


| then being ground dry to pass 150 mesh, and the slazes subsequently 


passed through 120 mesh. 


Following is a summary of the firtts used: 


Number 1 


a ee ee ee a a a J a eo ad 


Used in Series I 


I I I oa ee 
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cad 0. 30 
Ba) « 7 
Ahad; 0,10. 
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The raw materials used in the fritts are as follows: 


Ko0 was added as Pearl Ash 
CaO was added as Whiting 


Al 


BoOz was added as Boric Acid 
4 was added as Tlorida Clay 


$15. was added as clay and as Quartz Flint 


Actual composition of fritts by weights: 


Number 


IN MIRE 92 MM 3 aaCMM, PN 


Pe ee ee ee a a ae Se | ee ee 


Pearl Ash 
Commercial Whiting 
Boric Acid 
Florida Clay 
Quartz Flint 


1 


83 69 55 41 ay) a 


SSO OK. SO a AO 
26 26 26 26 "so. 


08 108 108 108 156 156 
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The glazes were burned in wadded saggeers, which had been washed 
with a mixture of the glazes used, in a down draft kiln in forty 
hours. The temperature was raised at the rate of fifty degrees an 
hour up to 1000 degrees and from then on fifteen degrees per hour. 
Cone ten was sorted down in about four hours. 

ae Two preliminary burns were made of series I and II in order to 
determine the cone temperature at which the greatest number of these 
glazes matured. The first burn which was made in a gas fired kiln 
and lasted thirty-six hours at cone sleven was found to be too high, 
all of the glazes having a bubbled appearance and wavy surfaces. Thus 
no distinction could be drawn between the several glazes since all 
were burned too niehs 

The second burn was made at cone nine. By compering this burn 
with the one at cone eleven 4% was determined that cone nine was not 
sufficiently high quough to mature the glazes properly, as they lack- 
ed glass and smoothness of texture, The resulta of this second burn 


are as follows: 


CONE NINT BURN 
SERIZS I 


Glazes A ani B were both immature, glaze B also being crazed. 
Glaze C was immature and had crazed, although a higher burn would 
probably have made it prighte Glaze D and E were of a shiny greasy 
texture and were also crazed. 

Glaze Pf was a matte, but was a Little underfired, also being 
crazed. Glaze G was a dull matte and crazed. Glaze H had an egg- 


shell texture and was crazed. Glaze I was very finely beaded with 


7 
@ crystal-like appearance. Slaze J, although having a fair glass, 
had an ege-shell texture and was crazed badly. 

Glaze K was the best glaze in series I with good glass and 
smooth texture. dlases L and ff had fair glass but an egg~shell 


texture. Glaze N was a matte with rough texturé and dull glass. 


CONE TEN BURN 
SERIES I 


This burn was also made in a gas-fired kiln and lasted about 
forty hours. The results of this burn are shown on Figure III. 

Glazes A and B were immature and it is doubtful if a higher 
burn would have corrected this defect. Glaze C was a dull greasy 
finish and had crazed badly. Glaze D was a matte and had also 
erazed. Glaze & had a dull finish seemingly due to minute pin-holes. 

Glaze F was a good matte and was crazed. Glaze @ had fair 
gloss and smooth textures this was one of the best glazes in this 
series. Glaze H had « fair gloss but slightly rough texture, 
Glaze I was a matte with ega-shell texture. Glaze J had a smooth 
surface and bright gloss but was crazed. ‘lazes K, L, M and N had 


fair glass but ege-shell textures. 


CONE NINE BURN 
SERIES Il 


Ce i ee 


Glaze A had fair elass but poor opacity and was slightly pin- 
holed. Glaze B was bubbled and slishtly immature. Glaze C although 
having fair glass was bubbled. Glazes D and @ had poor opacity and 
were bubbled. CGlazes F ani G had very rough surfaces due to excess~ 


ive bubbling. Glaze H had egg-shell texture but good slosse Glaze 
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FIGURE ig 
SERIES 3 


K - RO Group 


0.690 Cao Y B203 
0./0Zn0 6.0 5:0 


L-Ro Gr oup 
O30 Mad > ABE: 


0. 50@O Y B40 
0. 20 ZnO 6 OS\0, 


M - RO Group 


0.30K,0 9% Al205 
0.40C20 Y8,0; 
0.30Zn0 60510, 


ant 
I hed a very rough surface, showing a higher burn was necessary to 
mature it properly. Glaze J was the best glaze in this series al- 
though the surface was slightly rough due to ege-shell texture. 
Glazes K, L, M and N were too viscous and although havine fair glass 


showed an egt-shell texture. 


CONE TEN BURN 
SERIES II 


Glaze A was a white viseous glaze with an ege-shell texture. 
Glaze B was bubbled badly and was a greenish colored matte. Glazes 
C and D were dull tue to mimite pin-holes, although they hed fair 
Opacity. Glazes © and F had sood gloss but were pin-holed. 

Glaze G was badly bubbled and its surface was very rough. Claze 
H had a fair gloss but was of a greenish hue. Glaze I was pin-holed 
with a rough surface. Glaze J was too viscous and was also. bubbled. 
Glaze K had a dull luster due. to egg-shell texture. Glaze L was pin- 
holed and was t00 viscous. Glazes M and N were beaded and were of 
& pale greenish color. 

This series was peculiar in that there was no crazing while in 
series I which contained no boric oxide, crazing was prevalent. 


SERIES III 
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In this series the RO groups of glazes K, L, and M from series 
I and II are kept constant, as is also the silica st six equivalents. 
The Al2g03 and BoOz are varied as shown in Figure Iv. 

The results of this series are shown on Figure IV. The glazes 


are numbered in the following manner} for example glaze K-I is the 


fant 
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glaze with the same RO group as glaze K in series I and II and the 
number I is the number of the glaze as shown on Figure IV. 

Glaze K - I although having fair gloss and opacity was badly 
pin-holed, Thiek application shows a white color and very good opac- 
itye Glazes K-2 and K-3 were of a pale greenish color and were bub- 
bled badly. Glaze X-4 had good gloss ani fair opacity but a rough 
surface. Glazes K-5 and X-6 althousch having 200d gloss were bubbled, 
and when applied thickly showed crawling. Glaze K-7 had good opacity 
but was opalescent. Glaze K-8 was bubbled an’ was of a greenish 
color. Glaze "~9 showed good gloss but very little opacity. 

This group was maumbered in the same manner as the above group, 
1.@,, L-I glaze is the glaze with the RO group the same as glaze L 
in series I and II and number 1 is the number as shown on Figure Iv. 

Glaze L-l was a slossy glaze but had an egz-shell texture. 
Glazes L-2 and L-3 had very rough surfaces and appeared as if a high- 
er burn was needed to make thei Slassy glazes. Glazes L-4, L-5 and 
L-6 although having good @l@se were of a pale greenish color and had 
egt-shell textures. Glazes L-7, L-8 and L-9 were mattes and were 
badly bubbled. 

In group M the Same nomenclature was used as in the above groups. 
Glaze M-I ani M-2 although havine sood eloss were badly bubbled. The 
thick applications of these glazes were a yellowish tinge. Glaze 
M4 was a matte with an egg-shell texture. 

Glases M-5 and N-6 were also mattes and showed an ege-shell tex- 
ture. Glaze l-7 had good opacity but an egz-shell texture. Glaze 
M-8 had good gloss and good opacity but an egr-shell texture. Glaze 
M-9 wae badly bubbled ani very rough, probably due to insufficient 


temperature. 
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FIGURE ¥ 
GEA! Ce: ae 


K -RO Group 


0.30k,0 x ALO: 
0.6060 6.0; 
0./0ZhO 7.0 SQ 


L-RO-Group- 


0.30 K,0 XY Al, 03 
0. 50 CaO Y B20; 
0.20 ZnO 7.0 5:0, 


M - RO Group 
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‘SERIES IV 
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The glazes in this series were numbered in the same manner as in 
®eries III. ‘This series differs only in that the silica is kept con- 
Stant at seven equivalents insteail of six equivalents as in series 
UII. | 

Glaze K-l had very good opacity and good gloss but the surface 
was covered with minite pin-holes. The glaze was a dull white color. 


Glaze K-2 showed good gloss but mss a sreenish color and was bubbled. 


Glaze K-3 had crawled badly and appeared to be under-fired. Glaze 
K-4 was one of the best in this series. It had good opacity and 


giose but was pin-holed slightly. ‘laze K-5 was too viscous and was 


& greenish color. Glaze K-6 was also too viscous but hed a fair tlogs. 


Glaze K-7 showed fair opacity but was a matte due to minkte pin-holes 


On the surface of the glaze. laze K-8 had a very good gloss but was 


too viscous and was a @reenish color. Glaze H-9 had crawled badly. 


Glaze L-l was opalescent, also showing bubbling. Glaze L-2 had 


-@ g@o0d gloss but had an ege~shell texture. Glaze L-3 was too fiscous 


and showed bubbling. Glaze L-4 had fair opacity and mood gloss but 
had an ege-shell surface. Glazes L-5 snd L=-6 were buboled badly 
and were a dirty green color. Glaze L-7 had good opacity but a dull 
gloss due to pin-holes in the surface. Glaze L-8 was the best glaze 
in this series; 1t had fair opacity and a smooth texture but was a 
greenish color. 
Glaze M-1 had good sloss, fair opacity and smooth texture, but 
was a2 green color. Glaze M-2 had fair rloas but was bubbied and a 
greenish color. Glaze M-3 was badly pin-holed but had fair gloss. 


Glaze M-4 had a good gloss and fair opacity but the surface was 


a1 
slightly pin-holed. 

Glaze M-5 was 2 white color with good opacity but was bubbled 
badly. Glaze M6 was also bubbled but had fair opacity and gloss. 
Glaze M-7 had very poor opacity and gloss due to pinw-holes in sur- 

face. Glazes M-8 and M-9 were too viscous and were bubbled and were 
@ greenish color. 
In the series containing boric oxide, i.e. series IT, Til and 


iy there was no Crazing. 
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CONCLUSIONS 


From the results civen the following conclusions may be drawn: 


l. The effect of the Alg92 as would be expected was to increase 
the viscosity of the glazes. This was shown by the glazes with high 
Alas content crawling badly. Atove 0.50 enuivalents, the Alg0z 
imparted a greenish hue to the glazes. 


2. The effect of the Bp0z was to decrease the viscosity of the 
glazes also causing bubbling. The boric oxide also imparted a better 
gloges to the glazes. Sinee the series containing no boric oxide 
crazed and the series with boric oxide did not craze, it may be as- 


sulied that BoOz counteracts crazing. 


3. The effect of the silica was to raise the viscosity of the 
Glaze slichtly. In series IV with seven equivalents of silica, 
glazes K-64, K=7, K-8 and K-9 showed crawling badly while in serles 
III with only six equivalents of silica there was no evidence of 


crawling. 
4. Above 0.49 equivalents the K,0 caused immeturity and mattes. 


5. The effect of the zinc oxide was not as pronounced ag one 


would expect but above 0.30 equivalents it caused beading. 
6. None of the glazes attacked the body. 


7+» Crazing occurred in glazes containins over 0.60 equivalents 
of CaO and 0.50 equivalents of K,0 Crafling seemingly may be elimi” 
nated by the addition of boric oxide. 
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BEST GLAZES IN FIELD COVERED 


Glaze H - Series It 
0.40 = Ko0 0.60 Alo; 


0.40 « Cad 
0.20 - Z2n0 6.00 S109 


Glaze I - Series I 


0.30 # Ca) 
0.30 - ZnO 6.00 $10. 


Glaze K - Series I 
0.30 - KpO 0.60 Aladz 


0.60 - Cad 
0.10 - Znod 6-00 $1990 


Glaze L - Series I 
0.30 - Ko0 0.60 Ald: 
0-50 »” da0 hin, 
0.20 = ZnO 6.00 S105 


Glaze M - Series I 
0. 30 = Ko0 
0. 40 Cad 
0.30 - Znd 


§.00 S102 


Glaze K-I - Series LII 


0, 30 =. Ko0 0.70 A1Q03 
0.60 - CaO 0.40 Bod 
Q.10 - ZnO 6,00 8105 


Glaze M-4 - Series III 


Bocas ees 0.40 Bs 
0.30 - tno §. 00 nee 


At Cone 10 


Glaze M-7 - 


0. 30 ee KoadQ 
0. 49 og Gad 
0.30 = ZnO 


Glaze Ke-I - 


0. 30 ‘et Kao 
0.60 = Cad 


Glaze K-4 = 


0. 30 ae KoQ 
0.60 - Cad 
0.10 = Zn9 


Glaze K-7 - 
0. 30 rn KO 


0. 60 - Cad 
0-10 = Zn0 


Glaze L-4 - 


O- 30 ay K0 
O« 50 - Gad 
0.20 - Znd 


Glaze L-7 - 


QO. 30 ee Ko 
0. 50 = Gad 
0. 20 - ZnO 


Glaze M-I - 
0.30 - KO 


0. 40 - €ad 
0.30 = ZnO 


Series III 
0.50 Alg0z 


Be UO sis 


Series IV 


0.49 B 


7.00 $ shoe 


Series TV 


0.40 BoOs 
7.00 ston 


Series IV 
sic 9 Babs? 
Sp SL0o 


Series IV 


0-60 Aloo 
0.40 Bods 
7.00 si03 


Series IV 


0. 50 a Nt 


0.40 8 
7.00 sfo2 


Series 4 as 


0.70 AlpyO 
0.40 890 
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Glaze M-2 - Series IV. Glaze M-4 - Series IV. 
U.30 Ko0 0.(0 Al20% U.30 K20 0.60 Al20% 
O40 Cad 0.50 B203 O.4U0 Cad> U.40 B20% 
0.30 ZnO 7-00 $102 0.30 ZnO (-60 5105 


Glaze M-3 - Series IV. 


Ue 30 Ko0 0.7U Alo03 
U.40 Cad U.6U B203 
U.35U ZnO te OO SLOo 
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